SEALING APPARATUS FOR SEMICONDUCTOR WAFER, MOLD OF SEALING 
APPARATUS, SEMICONDUCTOR WAFER AND METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE BY USING SEALING APPARATUS 

5 CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the priority benefit of Japanese Patent Application No. 
2001-089851, filed March 27, 2001, the entire disclosure of which is incorporated 
herein by reference. 

10 BACKGROUND OF THE INVENTION 

1 . Field of the invention 

This invention relates to a sealing apparatus for sealing a semiconductor wafer 
having a plurality of semiconductor elements on its surface with a resin, to a mold of 
the sealing apparatus, to a semiconductor wafer capable of the sealing apparatus, and 
15 to a method for manufacturing a semiconductor device by using the sealing apparatus. 

2. Description of the related art 

Recently, it has been required to shrink electric devices. To meet the 
requirement, it is also required to downsize a semiconductor device. As one of the 
20 solutions to satisfy these requirements, it has been proposed to form a semiconductor 
device having a chip size package (CSP) structure. The size of the semiconductor 
device having the CSP structure is almost the same as that of the semiconductor chip. 
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The method of forming the semiconductor device having the CSP includes a 
step for forming a plurality of semiconductor elements on a semiconductor wafer, a 
step for setting the semiconductor wafer in a mold, a step for sealing a surface of the 
semiconductor wafer on which the semiconductor elements are formed by a 

5 thermoset resin, a step for removing the semiconductor wafer sealed by the resin from 
the mold, a step for polishing the resin on the semiconductor wafer until electrodes 
formed on each of the circuit elements are exposed, and a step for dividing the 
semiconductor wafer into semiconductor devices having the CSP structure. If 
necessary, external terminals, such as soldering balls, may be formed on the exposed 

10 electrodes. 

However, the mold in the related art includes a lower mold having a plane 
surface where the semiconductor wafer is mounted. In the step for setting the 
semiconductor wafer in the mold, the semiconductor wafer is placed on the plane 
surface of the lower mold. Therefore, in the following step (the sealing step), since 
15 large stress is applied to the semiconductor wafer, the semiconductor wafer may be 
damaged from the stress. Further, when the semiconductor wafer is removed from 
the mold, the semiconductor wafer may be cracked because the semiconductor wafer 
is adhered to the mold. The larger the diameter of a semiconductor becomes, the 
more conspicuous this problem becomes. 

20 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to resolve the above-described problem 
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and provide a sealing apparatus to reduce damage to the semiconductor wafer by 
reducing stress applied to the semiconductor wafer when the surface of the 
semiconductor wafer is sealed by the resin after the semiconductor wafer is set in the 
mold. 

It is a further object of the invention to provide a sealing apparatus to remove 
the semiconductor wafer from the mold smoothly by preventing the semiconductor 
wafer adhering to the mold. 

The object is achieved by a sealing apparatus including shock absorbers under 
the lower mold to reduce stress applied to the semiconductor wafer. 

Another object is achieved by a sealing apparatus including a lower mold 
having an uneven surface in an area where the semiconductor wafer is mounted. 

The above and further objects and novel features of the invention will more fully 
appear from the following detailed description, appended claims and accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a sealing apparatus in which a semiconductor 
wafer is set, according to a first embodiment of the invention; 

Fig. 2A is an upper view of a lower mold of the sealing apparatus shown in Fig. 
1 , with certain parts omitted; 

Fig. 2B is a cross-sectional view of the lower mold shown in Fig. 2A. 

Fig. 3 shows a semiconductor wafer mounting area of the lower mold in a first 



alternative of the first embodiment of the invention; 

Fig. 4 shows a semiconductor wafer mounting area of the lower mold in a 
second alternative of the first embodiment of the invention; 

Fig. 5A is an upper view of an upper mold of the sealing apparatus shown in Fig. 
5 1 , with certain parts omitted; 

Fig. 5B is a cross-sectional view of the upper mold shown in Fig. 5A.; 

Fig. 6 is a cross-sectional view of the sealing apparatus of Fig. 1 in a process 
by which the semiconductor wafer is set in the upper and lower molds; 

Fig. 7 is a cross-sectional view of the sealing apparatus of Fig. 1 in a process 
10 by which the surface of the semiconductor wafer is sealed by the resin; 

Fig. 8 is a cross-sectional view of the sealing apparatus of Fig. 1 in a process 
by which an upper device is separated from a lower device; 

Fig. 9A shows an upper view of a solidified resin on the semiconductor wafer 
and at a gate formed by the upper and lower molds, with certain parts omitted; 
15 Fig. 9B shows a cross sectional view of the solidified resin shown in Fig. 9B; 

Fig. 10 is a cross sectional view of the sealing apparatus of Fig. 1 in a process 
by which the lower mold is separated from the first and second blocks; 

Fig. 11 A is an enlarged partial cross sectional view at the gate before the 
sealing process is performed; 
20 Fig. 11B is an enlarged partial cross sectional view at the gate after the sealing 

process is performed; 

Fig. 12 is a cross-sectional view of the sealing apparatus of Fig. 1 in a process 
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by which the semiconductor wafer is separated from the lower mold; 

Fig. 13 is an enlarged partial cross sectional view showing the relationship 
between the ejection pin and the semiconductor wafer; 

Fig. 14A is a cross-sectional view of the semiconductor wafer having a 
5 solidified resin; 

Fig. 14B is a cross-sectional view of the semiconductor wafer wherein a first 
part of the solidified resin is detached from second and third parts; 

Fig. 14C is a cross-sectional view of the semiconductor wafer, which is polished 
on its surface; 

10 Fig. 14D is a cross-sectional view of the semiconductor wafer, which is diced; 

Fig. 14E is a plan view of the semiconductor device after being diced; and 
Fig. 15 is an upper view of the resin sealed semiconductor wafer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 In an embodiment, some drawings are enlarged or shrank properly as a matter 

of convenience of the description of the invention. 

Referring to Fig. 1 , a sealing apparatus 100 for sealing a semiconductor wafer 
201 with a resin 214 is illustrated. The sealing apparatus 100 includes a lower device 
200 and an upper device 300. The lower device 200 includes a lower mold 202, 
20 which is explained later, and the upper device 300 includes an upper mold 301 , which 
is also explained later. In general, although the upper and lower devices 200, 300 
may be called upper and lower molds, in this embodiment, a part of the lower device 
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200 and a part of the upper device 300, which sandwich the semiconductor wafer 
directly, have been defined herein as the lower mold 202 and the upper mold 301, 
respectively.. 

First, the lower device 200 is explained with reference to Fig. 1 and Figs. 2A 
5 and 2B. Referring to Fig. 1, the lower device 200 includes a first block 203 and a 
second block 204 in addition to the lower mold 202 on which the semiconductor wafer 

201 having semiconductor elements on its surface is mounted. The first block 203 
has a first recess at its center area, and the lower mold 202 is contained in the first 

.recess. Thus, the first block 203 supports the lower mold 202 with an unillustrated 
10 component. Further, the second block 204 has a second recess at its center area, 
and the first block holding the lower mold 202 is contained in the second recess. 
Thus, the second block 204 supports the first block 203 and the lower mold 202. In 
Fig. 2, the circumference of the semiconductor wafer 201 is illustrated with a solid line 
so that a main surface of the lower mold 202, in an area in which the semiconductor 
15 wafer 201 is mounted can be seen. 

In this embodiment, the lower mold 202, the first block 203, and the second 
block 204 are formed of the same material. In a process for sealing the 
semiconductor wafer 201 with a resin, which is explained later, the sealing apparatus 
100 is subjected to a high temperature atmosphere in a range of 170-180 degrees 
20 centigrade. Thus, the lower mold 202, the first block 203, and the second block 204, 
but also other components of the sealing apparatus 100, are formed of the high heat- 
resistant metal material. Further, most of the components of the sealing apparatus 



100 including the lower mold 202, the first block 203, and the second block 204 are 
made from the same kind of the high heat-resistant metal material. If the 
components of the sealing apparatus 100 were to be formed from respective different 
kinds of the high heat-resistant metal material, some of the components might be 

5 distorted because of the differences of coefficient of expansion between the high 
heat-resistant metal materials. Thus, if the same kind of metal material is used to 
form the components of the sealing apparatus 100, it is possible to avoid the distortion 
of the sealing apparatus 100. Specifically, the distortion of the each component 
should be avoided and the sealing apparatus 100 keeps its balance horizontally in 

10 order to form a uniform resin layer on the semiconductor wafer 201 as explained later. 
Of course, it is possible to use materials other than metal to form the components of 
the sealing apparatus 100, provided that they have a high heat-resistant characteristic. 
Furthermore, it is possible to form the components of the sealing apparatus 100 by the 
different kinds of the high heat-resistant material if the coefficient of expansion of each 

15 material can be controlled completely. However, in this embodiment, based on cost 
and ease of design, the same kind of the high heat-resistant metal material is used to 
form the components of the sealing apparatus 100. In the following description, it is 
considered that the components of the sealing apparatus 100 are formed of the same 
material as are used in the lower mold 202, the first block 203, and the second block 

20 204 unless described otherwise. 

A projection part 202a is formed underneath the center of the lower mold 202. 
Since the projection part 202a goes through the second block 204, one end of the 



projection part 202a reaches to a back surface of the lower mold 202 and the other 
end is exposed from a back surface of the second block 204. The projection part 
202a is formed in order to keep the balance of the lower mold 202 in a primary 
horizontal direction. Thus, stability of the lower mold 202 in the horizontal direction is 

5 improved by arranging the projection part 202a. In this embodiment, the single 
projection part 202a is formed underneath the center of the lower mold 202. 
However, three or four projection parts may be formed underneath the lower mold 202. 
When three projection parts are formed, it is preferable that a distance from the center 
of the lower mold (a center 202C of the area where the semiconductor wafer 201 is 

10 mounted) to each projection part 202a is the same, and each distance between the 
projection parts is also the same. When four projection parts are formed, it is 
preferable that each projection part is disposed symmetrically against the center of the 
lower mold 202. Therefore, a distance from the center of the lower mold 202 to each 
projection part is the same. The purpose of disposing three or four projection parts in 

15 the way described above is to keep the balance of the lower mold 202 horizontal. 

The lower device 200 includes an opening 205, which is disposed adjacent to 
the lower mold 202. A resin supplier 213 (generally, known as a plunger), which 
supplies the resin 214 to the semiconductor wafer 201 , is disposed in the opening 205. 
The opening 205 goes through the first through third blocks 203, 204, 209. 

20 A plurality of support pins 206 are formed at the periphery of the area on the 

lower mold 202 where the semiconductor wafer 201 is mounted. Thus, the area 
where the semiconductor wafer 201 is mounted is defined by the support pins 206, 
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and the support pins 206 prevent the semiconductor wafer 201 from shifting when the 
surface of the semiconductor wafer 201 is sealed by the resin. In this embodiment, 
the circle-shaped semiconductor wafer 201 having an orientation-flat is used. 
However, since the shape of the semiconductor wafer varies, the positions of the 
5 support pins may be changed properly according to the shape of the semiconductor 
wafer. 

A part of the main surface of the lower mold 202 in the area in which the 
semiconductor wafer 201 is mounted is processed to form an uneven surface 207. 
By forming the uneven surface 207, it is possible to avoid adhering the semiconductor 

10 wafer 201 to the lower mold 202. Thus, the semiconductor wafer 201 can be 
removed from the lower mold 202 smoothly and surely In other words, the uneven 
surface 207 is formed in order to separate the semiconductor wafer 201 from the lower 
mold 202 easily. Generally, the back surface of the semiconductor wafer 201 is 
polished by a back-grind method. Therefore, the back surface of the semiconductor 

15 wafer 201 is easily adhered to the lower mold 202, whose surface is planished like a 
mirror. Further, when the semiconductor wafer 201 is sandwiched by the upper and 
lower molds 202, 301 in the resin sealing process, a large pressure is applied to the 
semiconductor wafer 201, so the strength adhering the semiconductor wafer 201 to 
the lower mold 202 is further increased. Specifically, a force in the range between a 

20 few tons and a few decades of tons is applied to the sealing device 100. Thus, the 
force applied to the upper and lower molds 202, 301 becomes a few tons/cm 2 . To 
reduce such strength adhering the semiconductor wafer 201 to the lower mold 202, 



the uneven surface 207 is formed in the area in which the semiconductor wafer 201 is 
mounted. 

The uneven surface 207 is formed in a coarse surface condition, like a surface 
of sandpaper, by an electric discharging process. Thus, at the area in which the 

5 semiconductor wafer 201 is mounted, infinite and minute projections are formed. In 
other words, the surface 207 feels rough with the infinite and minute projections. The 
infinite and minute projections have roughness in a range between 8|am and 12|im. 

It is preferable that the area of the uneven surface be smaller than the size of 
the area where the semiconductor wafer 201 is mounted. This is because the minute 

10 projections should not exist under the periphery of the semiconductor wafer 201 . If 
the minute projections exist under the periphery of the semiconductor wafer 201 , large 
force may be focused on the periphery of the semiconductor wafer 201. As 
described above, the force in the range between a few tons and a few decades of tons 
is applied to the sealing device 100. Thus, it is preferable to reduce the large force 

15 being applied partially on the semiconductor wafer 201 , as much as possible. 

As shown in Fig. 3, the uneven surface can be formed by slits 207-1 . The slits 
207-1 are formed in the area in which the semiconductor wafer 201 is mounted, and 
are placed in parallel to each other. Both ends of each slit should not be extended to 
the periphery of the area the semiconductor wafer 201 is mounted, for the reasons 

20 described above and because of prevention that the resin enters into the slits in a 
resin sealing process explained later. The width of each slit and the distances x, x', 
x" between slits may be determined by a designer. Thus, the width of each slit 207-1 



may be different or may be the same, and the distances x, x', x" between slits may be 
different to may be the same. Further, as shown in Fig. 4, the uneven surface can be 
formed by a single spiral slit 207-2. In this alternative, the width of slit 207-2 and the 
distance y may be determined by the designer. 
5 The lower) device 200 further includes four first shock absorbers 208. The first 

shock absorbers 208 are formed under the lower mold 202 in order to absorb the 
impaling of the lower mold 202, in other words, to buffer the stress applied to the 
semiconductor wafer 201 when the semiconductor wafer 201 is sandwiched by the 
upper mold 301 and lower mold 202. In Fig. 2, the first shock absorbers 208 are 

10 disposed symmetrically against the center 202c of the area where the semiconductor 
wafer 201 is mounted. Therefore, a distance from the center 202c to each first shock 
absorber 208 is the same. Although the number of first shock absorbers 208 may be 
changed, it is preferable that each of the first shock absorbers, whatever the number, 
be disposed symmetrically against the center 202c. In Fig. 1, only one first shock 

15 absorber 208 is illustrated for the sake of simplicity. In addition to buffering stress 
applied to the semiconductor wafer 201 as described above, the first shock absorbers 
208 serve to adapt to the varieties of the thickness of each of the semiconductor 
wafers. 

The first shock absorbers 208, made of the same material as the lower mold 
20 202, are metallic compression springs. As described above, since the sealing 
apparatus 100 is subjected to the high temperature in the range of 170-180 degrees 
centigrade, the high heat-resistant metallic compression springs are used for the first 



shock absorbers 208. Each of the first shock absorbers 208 includes a fixing 
member 208b and a bolt 208a. Each of the first shock absorbers 208 is fixed to the 
third block 209, which is a part of the sealing apparatus 100 and is formed under the 
second block 204, by the fixing member 208b. Further, as illustrated in Fig. 1, a gap 

5 between one end of the bolt 208a and the third block 209 is formed so that the bolt 
208a can move a short distance up and down. The bolt 208a is also used for lifting 
up the lower mold 202 from the lower device 200. Of course, it is possible to form 
another element to lift the lower mold 202 up as an independent element. 

The lower device 200 further includes four ejection pins 210, and four drivers 

10 211 each of which operates to move one of the ejection pins 210 up or down. The 
drivers 211 are disposed symmetrically against the center 202c of the area where the 
semiconductor wafer 201 is mounted. Although the number of driver 211 may be 
changed, it is preferable that each of the drivers, whatever the number, be disposed 
symmetrically against the center 202c. 

15 The ejection pins 210 are moved up by the drivers 211 when the semiconductor 

wafer 201 sealed by the resin is removed from the lower mold 202. The 
semiconductor wafer 201 is separated from the lower mold 202 by pushing with the 
ejection pins 210 from the back surface of the semiconductor wafer 201 . Each of the 
ejection pins 210 passes through the second block 204 and the lower mold 202, and 

20 reaches to the top surface of the lower mold 202, on which the semiconductor wafer 
201 is mounted. Therefore, there are four openings in the area of the lower mold 202 
where the semiconductor wafer 201 is mounted, for the ejection pins 210. Thus, 
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each ejection pin is stored in one of the openings. As well, although the number of 
ejection pins 210 may be changed in response to the number of drivers 211, it is 
preferable that each of the ejection pins, whatever the number, be disposed 
symmetrically against the center 202c. 
5 Before the resin is introduced in the sealing apparatus 100, the drivers 211 

make the ejection pins 210 move down in response to a solenoid valve 212 until the 
top portion of each ejection pins 210 is on the same plane of the top surface of the 
lower mold 202 or until the top of each ejection pins 210 is lower than the top surface 
of the lower mold 202. Thus, in the process by which the resin is introduced in the 

10 sealing apparatus 100, the top portion of each ejection pins 210 is located in the lower 
mold 202. After the process by which the resin is introduced in the sealing apparatus 
100 has been completed, the ejection pins 210 are moved up by the operation of the 
drivers 211 until the top of each ejection pin 210 comes out from the top surface of the 
lower mold 202 during the process by which the sealed semiconductor wafer 201 is 

15 separated from the lower mold 202. 

Each driver 211 includes a metallic compression spring 211a, a cylinder 211b, 
an O-ring 211c sealing the cylinder 211b, each of which is formed of the same material 
as the lower mold 202. Each driver 211 is fixed to the third block 209 by a fixing 
member 211d. In each driver 211, the operation of the cylinder 211b is controlled by 

20 air supplied from the solenoid valve 212 through a control tube 212a, and the stretch 
of the metallic compression spring 211a is controlled by the operation of the cylinder 
211b. 
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The resin supplier 213 includes a tube 213a, and a pushing rod 213b 
disposed in the tube 213a. The tube 213a is disposed in the opening 205 that goes 
through the first through third blocks 203, 204, 209. Thus, the tube 213a also goes 
through the first, second and third blocks 203, 204, 209. The pushing rod 213b 

5 moves up and down in the tube 213a. A resin 214 in tablet of epoxy is set on the 
pushing rod 213b. The resin 214 is melted in an atmosphere in a range of 170-180 
degrees centigrade, and then the melted resin 214 spouts from the tube 213a by 
pushing with the pushing rod 213b. 

The lower device 200 further includes two second shock absorbers 208. The 

10 second shock absorbers 215 are formed in the third block 209 in order to absorb the 
impaling of the lower mold 202 and the second block 204, in other words, to buffer the 
stress applied to the semiconductor wafer 201 when the semiconductor wafer 201 is 
sandwiched by the upper mold 301 and lower mold 202. In Fig. 2, the second shock 
absorbers 215 are disposed symmetrically against the center 202c of the area where 

15 the semiconductor wafer 201 is mounted. Therefore, a distance from the center 202c 
to each second shock absorber 215 is the same. Although the number of second 
shock absorbers 215 may be changed, it is preferable that each of the second shock 
absorbers 215, whatever the number, be disposed symmetrically against the center 
202c. In Fig. 1, only one second shock absorber 215 is illustrated for the sake of 

20 simplicity. In addition to buffering stress applied to the semiconductor wafer 201 as 
described above, the second shock absorbers 215 serve to adapt to maintain the third 
block 209 in a fixed position. 



The second shock absorbers 215 made of the same material as the lower mold 
202 are metallic compression springs. Each of the second shock absorbers 215 
includes a fixing member 215b and a bolt 215a. Each fixing member 215b fixes one 
of the second shock absorbers 215 to a lower foundation 216. Further, as illustrated 
5 in Fig. 1, a gap between one end of the bolt 215a and the lower foundation 216 is 
formed so that the bolt 215a move a short distance up and down. 

The lower device 200 having the components described above is mounted on 
the lower foundation 216. The lower foundation 216 includes hoists 216a, 216b to lift 
the lower device 200 up and down. 

10 Next, the upper device 300 is explained with reference to Figs. 5A and 5B. 

The upper device 300 includes a first block 302 and a second block 306 in addition to 
the upper mold 301 for sandwiching a semiconductor wafer 201 with the lower mold 
202. The first block 302 has a recess at its center, and the upper mold 301 is 
contained in the recess. The upper mold 301 includes a cavity 301 for entering the 

15 melted resin 214, which is supplied from the resin supplier 213, on the semiconductor 
wafer 201 . As well as the parts of the lower device 200, the material of the upper 
mold 301 and the first block 302 is the same as that of the lower mold 202. 

The upper mold 301 further includes a cull 301c, and a gate 301b that connects 
the cull 301c to the cavity 301a. The gate is located at a position corresponding to 

20 the periphery of the semiconductor wafer 201. When the melted resin 214 is 
introduced into and solidified in the cavity 301a after the semiconductor wafer 201 is 
sandwiched by the upper mold 301 and the lower mold 202, the thickness of the 



solidified resin 214 on the semiconductor wafer 202 should be thicker than that at the 
gate 301b, and the thickness of the solidified resin 214 in the cull 301 also should be 
thicker than that at the gate 301b. 

As described above, the cavity 301a, the gate 301b, and the cull 301c are 

5 connected to each other. Thus, the upper mold 301 includes a recess consisting of 
the cavity 301a, the gate 301b, and the cull 301c. The recess acts as a resin 
passage. The gate 301b is formed in a fan shape. In other words, the gate 301b is 
tapered toward the cull 301c. Thus, the width of the gate 301b is expanding toward 
the cavity 301a. According to the shape of the gate 301c, the melted resin 214 runs 

10 into the cavity 30 1 a easily. 

The upper mold further includes holes 303 corresponding to the support pin 
206 formed on the lower mold 202. When the semiconductor wafer 201 is 
sandwiched by the upper and lower molds 202, 301, the support pins 206 fit in the 
holes 303 for stabilizing the semiconductor wafer 201 at the predetermined position. 

15 In Fig. 5a, a broken line 201' shows the periphery of the semiconductor wafer 201 to 
be set. 

When the semiconductor wafer 201 is sandwiched by the upper and lower 
molds 202, 301, the periphery 201' of the semiconductor wafer 201 shown by the 
broken line 201 is covered by the upper mold 301. Thus, the periphery 201' of the 
20 semiconductor wafer 201 is not sealed by the resin in the resin sealing process. 
Thus, the semiconductor wafer 201 has an unsealed area at its periphery 201'. In 
this embodiment, the unsealed area is set at 3mm from the periphery 201'. Although 
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the size of the unsealed area can be changed by the designer's choice, it is preferable 
that the unsealed area be set within few mm from the periphery 201' of the 
semiconductor wafer 201 . 

The upper mold 301 further includes air vents 304a, which are located at a 

5 position opposite to the gate 301b. When the melted resin is introduced into the 
cavity 301a after the lower and upper molds 202, 301 are coupled, the air in the cavity 
301a is pushed by the melted resin 214, then air is released from the air vents 304a. 
This is the reason why the air vents 403a are formed at the location farthest from the 
gate 301b. Thus, it is possible to introduce the melted resin 214 into the cavity 301a 

10 smoothly because of effect of the air vents 304a. In this embodiment, although four 
air vents 304a are formed in the upper mold 301, first additional air vents 304b at a 
location between the gate 301b and the four air vents, and second additional air vents 
304c adjacent to the gate 301b may be formed in addition to the four air vents. The 
melted resin can be expanded on the semiconductor wafer smoothly because of the 

15 air bent effect and the fan-shaped gate effect. The size and number of air vents can 
be selected by the designer. However, it is preferable that the sizes or number of air 
vents 304a, which are farthest from the gate 301c, be larger than other additional air 
vents 304b, 304c to release the air effectively. 

The second block 306 includes drivers 305. The first block 302 and the upper 

20 mold 301 are coupled to the second block by the drivers 305. The second block 306 
is fixed on an upper foundation 307. The upper device 300 further includes a plurality 
of ejection pins 308, each of which is moved up and down by the drivers 305. In Fig. 



5A, an arrangement of the ejection pins 308 are illustrated. That is, eight ejection 
pins 308 are located above the cavity 301a, two ejection pins 308 are located above 
the gate 301 b and two ejection pins are located above the cull 301 c. As shown in Fig. 
5A, two drivers 305 are formed in this embodiment. The drivers 305 are arranged 
5 symmetrically against a center 202c', which is located right above the center 202c of 
the area where the semiconductor wafer 201 is mounted. Although the number of 
drivers may be increased, it is preferable that the drivers, whatever the number, be 
arranged symmetrically against a center 202c'. 

The ejection pins 308 are moved down when the resin 214 solidified in the 
10 cavity 301a, the gate 301b and the cull 301c is detached from the upper mold 301 . 

One end of each ejection pin 308 is fixed to the second block 306 by the fixing 
member 308a. Holes 308b, which go through the first block 302 and the upper mold 
301, are formed, and each ejection pin is arranged in one of holds 308b. 

In the process by which the resin 214 is introduces into the cavity 301a, the 
15 other end of each ejection pin 308 is located at the same surface of the resin passage 
(the cavity 301a, the gate 301b, the cull 301c) or is retracted from the surface of the 
resin passage by moving the first block 302 down by the drivers 305. In the process 
by which the resin sealed semiconductor wafer 201 is separated from the sealing 
apparatus 100, the other end of each ejection pin 308 is projected from the surface of 
20 the resin passage by moving the first block 302 up by the drivers 305. 

As well as the other components, the drivers 305 are formed by the 
compression springs, and formed of the same material of the lower mold 202. The 
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upper device 300 is fixed to the upper foundation 307, which is not moveable. On the 
other hand, as described above, the lower device 200 is fixed to the lower foundation 
216, which is moveable by the hoists 216a, 216b. Thus, comparing to the hoists 
216a, 215b, the large power is not required to the drivers 305. 
5 Next, the operation of the sealing apparatus 100 is explained below with 

reference to several drawings. As shown in Fig. 1, the semiconductor wafer 201 is 
mounted on the uneven surface 207 of the lower mold 202 while the upper and lower 
devices 200, 300 are separated to each other. Then, the resin tablet 214 is placed in 
the tube 213a of the resin supplier 213. Under this condition, the upper and lower 

10 devices 200, 300 are heated by an unillustrated heater to reach a particular 
temperature at which the resin table is melted. Generally, since epoxy that is the 
material of the resin tablet 214 is melted at 170 - 180 degree centigrade, the upper 
and lower devices 200, 300 are heated to 170 - 180 degree centigrade. Under this 
condition, the resin table 214 is melted. 

15 The ejection pins 210 are stored in the lower mold 202. The ejection pins 308 

are located at the arbitrary position. In Fig. 1 , the ejection pins 308 are projected 
from the surface of the resin passage. 

Next, as shown in Fig. 6, the upper and lower devices 200, 300 are coupled to 
each other by moving the lower device 200 up by the hoists 216a, 216b. Thus, the 

20 semiconductor wafer 201 is sandwiched at its periphery by the upper mold 301 and 
the lower mold 202. The resin passage consisting of the cavity 301a, the gate 301b 
and the cull 301c is established under this condition. Further, the support pins 206 



are coupled to the holes 303. Moreover, the other end of each ejection pin 308 is 
located at the same surface of the resin passage or is retracted from the surface of the 
resin passage by moving the first block 302 down by the drivers 305. In other words, 
the other end of each ejection pin 308 is retreated into the upper mold 301 . 
5 In the process by which the upper and lower devices 200, 300 are coupled, 

when the semiconductor wafer 201 on the lower mold 202 contacts to the upper mold 
301, the stress applied to the semiconductor wafer 201 is buffered by the first shock 
absorbers 208. That is, when the semiconductor wafer 201 on the lower mold 202 
pressed against the upper mold 301, the spring of the first shock absorbers 208 is 

10 compressed so that the stress applied to the semiconductor wafer 201 is reduced. 
Simultaneously, the second shock absorbers 215 also serve to adopt to reduce the 
stress applied to the semiconductor wafer 201 . 

In the process by which the upper and lower devices 200, 300 are coupled, the 
reason why the lower device 200 moves up toward the fixed upper device 300 is 

15 explained as follows. The weight of each devices 200, 300 are hundreds kg. Thus, 
the large power is required to the hoists 216a, 216b to operate the lower device 200 so 
that the hoists 216a, 216b itself is getting larger. Forming the large size hoists 216a, 
216b in the upper device 300 is not so easy, and influences the cost. Further, in the 
sealing device that the horizontal balance is highly required, forming the large and 

20 heavy hoists 216a, 216b in the upper device 300 may influence maintenance of the 
horizontal balance of the total sealing apparatus 100. It causes the difficulty to 
design the sealing apparatus 100. Accordingly, in this embodiment, the large and 



heavy hoists 216a, 216b is formed only in the lower device 202, and the upper device 
is fixed to the non-moveable upper foundation 307. Since the large and heavy hoists 
216a, 216b are only formed in the lower device, the center of gravity of the sealing 
apparatus 100 is at low. Thus, it is easy to maintain the horizontal balance of the 
5 total sealing apparatus 100, and to design the total sealing apparatus 100. This 
reflects the cost. 

Then, as shown in Fig. 7, the melted resin 214 is pushed out from the resin 
supplier 213 by moving the rod 213b up. Initially, the melted resin flows into the cull 
301c. Then, the melted resin 214, which is further pushed by the rod 213b, flows into 

10 the cavity 301a, that is, on the semiconductor wafer 201, through the gate 301b. In 
this process, air in the cavity 301a is released from the air vents 304a, 304b, 304c. 
After the cavity 301a, the gate 301b, and the cull 301c are filled with the melted resin 
214, the rod 213b puts pressure on the melted resin until the melted resin 214 is 
solidified. Generally, since the melted resin is solidified within 100 seconds under 

15 this condition, the pressure is applied to the resin for at least 100 seconds in this 
embodiment. 

By the process described above, the surface of the semiconductor wafer 201 is 
sealed by the resin 214 solidified. However, as described above, since the periphery 
of the semiconductor wafer 201 is covered by the upper mold 301 , the resin 214 is not 
20 formed on the periphery of the semiconductor wafer 201. The process is called the 
resin sealing process in this embodiment. 

After that, as shown in Fig. 8, the lower device 200 is moved down by the 



operation of the hoists 216a, 216b. Thus, the semiconductor wafer 201 is released 
from the condition that the semiconductor wafer 201 is sandwiched by the upper and 
lower molds 202, 301. In this process, while the lower device 200 is moved down, 
the first block 302 of the upper device 300 is moved up by the operation of the drivers 
5 305 so that the other end of the ejection pins 308 are projected from the surface of the 
resin passage. In other words, the other end of the ejection pins 308 are projected 
into the cavity 301a, the gate 301b and the cull 301c in this process. According to 
this movement, the solidified resin in the cavity 301a, the gate 301b and the cull 301c 
are pushed by the ejection pins 308, and are separated from the upper mold 301 . 

10 While the lower device 200 is moved down, the rod 213b of the resin supplier 213 is 
moved down to be the initial position. 

Referring to Figs. 9A and 9B, a first part 301a' of the solidified resin 214, a 
second part 301b' of the solidified resin 214 and a third part 301c' of the solidified resin 
214 are illustrated. The first part 301a' was formed in the cavity 301a, and the 

15 second part 301b' was formed in the gate 301. The third part 301c' was formed in 
the cull 301c. As shown in the Fig. 9B clearly and described above, the first part 
301a' was formed thicker than the second part 301b", and the third part 301c' was 
formed thicker than the second part 301b'. 

As described above, since the gate 301b is formed in fan shape, the shape of 

20 the second part 301 b' at the gate is also fan-shaped. Since the periphery 201 ' of the 
semiconductor wafer 201 was covered by the upper mold 301 in the resin sealing 
process as described, no resin is formed there. 

22 



After that, as shown in Fig. 10, the lower device 200 is further moved down by 
the operation of the hoists 216a, 216b. When the lower device 200 reaches to a 
predetermined position, namely, when one end of the bolt 215a of the second shock 
absorber 215 reaches to the lower foundation, the first and second block 203, 204 
5 cannot move down anymore. Simultaneously, when one end of the bolt 208a of the 
first shock absorber 208 reaches to the third block 209, the lower mold 202 cannot 
move down anymore. When the operation for moving the lower device 200 down 
further continues, the lower mold 202 is pushed up, and then, the lower mold 202 is 
separated from first and second blocks 203, 204. Simultaneously, the rod 213b of 

10 the resin supplier 213 is moved up in order to push up the third part 301c' and the 
second part 301b' of the solidified resin 214. The moving-up operation of the rod 
213b is synchronized with the moving-up operation of the lower mold 202. Thus, 
while the bolt 208a starts to move the lower mold 202 up, the rod 213b starts to move 
the third part 301c' and the second part 301b' of the solidified resin 214 up. The 

15 timing of the moving-up operation of the lower mold 202 and the moving-up operation 
of the rod 213b is controlled by an unillustrated controller formed in the lower 
foundation 216. 

The details why the moving-up operation of the rod 213b is synchronized with 
the moving-up operation of the lower mold 202 are explained below with reference to 
20 Figs. 11A, 11B. 

Referring to Fig. 11A, when the semiconductor wafer 201 is mounted on the 
lower mold 202, a gap G is formed between the semiconductor wafer 201 and the first 



block 203. When the semiconductor wafer 201 is sandwiched by the lower and 
upper molds 202, 301, the gap G connects to the gate 301b. In Fig. 11 A, although 
there is a step difference between the main surface of the semiconductor wafer 201 
and the upper surface of the first block 203, the step difference will be dissolved when 
5 the lower and upper molds 202, 301 are coupled. The downward stress, which 
occurs when the step difference is dissolved, and which is applied to the 
semiconductor wafer 201, is buffered by the first and second shock absorbers 208, 
215. 

Then, in the resin sealing process, when the melted resin 214 is introduced into 
10 the cavity 301a, the gate 301b and the cull 301c, the melted resin 214 is also enters 
into the gap G. Since the gap G encompasses the periphery 201' of the 
semiconductor wafer 201 , the semiconductor wafer 201 is encompassed by the resin 
entered into the gap G just after the resin sealing process has been completed. Thus, 
in addition to the adhesion of the second part 301b' of the solidified resin 214 to the 
15 semiconductor wafer 201 and the first block 203, another adhesion between the 
semiconductor wafer 201 and the first block 203 by the resin 214 resides in the gap G. 
Specifically, this adhesion between the semiconductor wafer 201 and the first block 
203 under the second part 301b' is stronger than that in another area. 

When the semiconductor wafer 201 is separated from the lower mold 202 by 
20 moving up the lower mold 202 only, excessive stress may be applied to a part of the 
semiconductor wafer 201 close to the gate 301b by the adhesion. The excessive 
stress may warp or crack the semiconductor wafer 201. Accordingly, while the 



adhesion between the second and third parts 301b', 301c' of the solidified resin 214 
and the first block 203 is destroyed mainly by moving the rod 213b up, the adhesion 
between the resin 214 entered in the gap G and the first block 203 is destroyed mainly 
by moving the lower mold 202 up. Since the moving-up operation of the rod 21 3b is 
5 synchronized with the moving-up operation of the lower mold 202, it is possible to 
avoid concentrating the stress caused by the adhesion of resin 214 at the periphery 
201' of the semiconductor wafer 201 . 

Referring to Fig. 12, after the lower mold 202 is separated from the first and 
second blocks 203, 204, the drivers 211 push the ejection pins 210 up in response to 

10 the solenoid valve 212. The ejection pins 210 are projected from the surface of the 
lower mold 202 so that the semiconductor wafer 201 is separated form the lower mold 
202. Since the semiconductor wafer 201 was mounted on the uneven surface 207 of 
the lower mold 202, the semiconductor wafer 201 is not adhered to the lower mold 202 
by compression of the upper mold 301. Thus, the semiconductor wafer 201 is 

15 separated form the lower mold 202 easily and smoothly by pushing its back surface by 
the ejection pins 210. Then, the lower device 200 returns to the initial position as 
shown in Fig. 1 . 

Simultaneously, the rod 213b moves down to the initial position. Thus, after 
the semiconductor wafer 201 was separated from the lower mold 202, the 
20 semiconductor wafer 201 and the solidified resin 214 are supported by the ejection 
pins 210 as shown in Fig. 12 

After that, referring to Fig. 14A, the semiconductor wafer 201, which was 



floated from the lower mold 202 by the ejection pins 210, is carried out from the 
sealing apparatus 100. Then, the solidified resin 214 is cut along the periphery of the 
semiconductor wafer 201 (along the line X-X') so that the first part 301a' of the 
solidified resin 214 is detached from the second and third parts 301b', 301c' of the 
5 solidified resin 214. As a result, the semiconductor wafer 201 whose main surface is 
sealed by the resin 214, is obtained as shown in Fig. 14B. In this detaching process, 
since the second part 301b' is thinner than the first and third parts 301a', 301c', it is 
easy to cut the solidified resin 214 at the gate 301b accurately. The detaching 
process is performed by applying physical pressure to the second part 301b'. Of 

10 course, the detaching process may be performed by using a cutter in order to shorten 
the processing time. When the cutter is used, it is possible to reduce the amount of 
dust, which may be occurred at the cutting process. If the gate 301 b is formed above 
the semiconductor wafer 201 or is formed at the location away from the semiconductor 
wafer 201, it is clear that the above-described benefit can not be obtained. Further, 

15 some parts of the solidified resin 214 on the semiconductor wafer 201 may come off, 
or a part of the second part 301 b' of the solidified resin 214 may reside. It should be 
avoided. 

Next, as shown in Fig. 14C, the surface of the solidified resin 214 is polished by 
a polishing machine P until electrodes, which are connected to the circuits formed in 
20 the semiconductor wafer 201, are exposed. In this polishing process, since the 
thickness of the solidified resin 214 should be uniformity, the above-described 
horizontal balance of the sealing device 100 is specifically important. 
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Next, as shown in Fig. 14D, external terminals E are formed on the exposed 
electrodes. In this embodiment, although ball-shaped external terminals E are 
illustrated, other-shaped external terminals such as a plane-shape external terminal 
may be formed. Then, the semiconductor wafer 201 is diced by a dicing cutter DC to 
5 make independent semiconductor devices SD. This process is called a dicing 
process. The diced independent semiconductor device SD, which is shown in Fig. 
14E, is called a chip size package (CSP) structure semiconductor device. Thus, it is 
preferable to apply this embodiment to manufacture the CSP structure semiconductor 
device. 

10 If all main surface of the semiconductor wafer 201 is sealed by the resin 214, 

the dicing process would be difficult because grid lines, which are formed on the 
surface of the semiconductor wafer 201 , are covered by the resin 214. However, as 
shown in Fig. 15, since the periphery 201' of the semiconductor wafer 201 is exposed 
in this embodiment, the grid line GL can be seen. Thus, the semiconductor wafer 

15 201 is diced alone the grid line GL. 

According to the embodiment, since the first and second shock absorbers 208, 
215 are formed, the stress applied to the semiconductor wafer 201 in the resin sealing 
process can be buffered. Further, since the uneven surface 207 is formed on the 
lower mold 202, the semiconductor wafer 201 can be separated from the lower mold 

20 202 easily and smoothly because the uneven surface 207 avoids adhering the 
semiconductor wafer 201 to the lower mold 202. 

While the present invention has been described with reference to illustrative 



embodiments, this description is not intended to be construed in a limiting sense. 
Various other modifications of the illustrated embodiments, as well as other 
embodiments of the invention, will be apparent to those skilled in the art on reference 
to this description. Therefore, the appended claims are intended to cover any such 
5 modifications or embodiments as fall within the true scope of the invention. 
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